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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of Chief
of Engineers, Washington, D.C. 20314. The purpose of a Phase I
investigation is to identify expeditiously those dams which may
pose hazards to human life or property. The assessment of the
general condition of the dam is based upon available data and visual
inspections. Detailed investigation, and analyses involving topo-
graphic mapping, subsurface investigations, testing, and detailed
computational evaluations are beyond the scope of a Phase I in-
vestigation; however, the investigation is intended to identify
any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the in-
spection team. In cases where the reservoir was lowered or drained
prior to inspection, such action, while improving the stability
and safety of the dam, removes the normal loadon the structure
and may obscure certain conditions which might otherwise be
detectable if inspected under the normal operating environment
of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam will continue to represent
the condition of the dam at some point in the future. Only through
frequent inspections can unsafe conditions be detected and only
through continued care and maintenance can these conditions be pre-
vented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guide-
lines, the spillway design flood is based on the estimated "Probable
Maximum Flood" for the region (greatest reasonably possible storm
runoff), or fractions thereof. The spillway design flood provides
a measure of relative spillway capacity and serves as an aid in
determining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general condition and
the downstream damage potential.
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!
PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITION

AND

RECOMMENDED ACTION

Name of Dam: Dam F
NDI ID No. PA-00642/DER ID No. 40-13

Owner: Hazleton City Authority

State Located: Pennsylvania

County Located: Luzerne

Stream: Dreck Creek

Date of Inspection: 11 April 1979

Inspection Team: Gannett Fleming Corddry and Carpenter, Inc.
Consulting Engineers
P.O. Box 1963
Harrisburg, Pennsylvania 17105

Based on visual inspection, available records, cal-
culations, past operational performance, and according
to criteria established for these studies, Dam F is
judged to be unsafe, nonemergency, because the spillway
capacity is rated as seriously inadequate. The spillway
can pass 29 percent of the Probable Maximum Flood (PMF)
without overtopping of the dam. The Owner has placed
sandbags along the spillway crest, which reduces the spillway
capacity further. The resulting outflows from the
failure of Dam F would overtop and cause the fail-
ure of Dam G. This would result in the loss of life.
As a whole, the dam is judged to be in fair condition.
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There are bulges on the downstream slope that ap-
parently have not stabilized.

The dam has essentially no operational emergency

drawdown capability.

Maintenance at the dam is marginal..

The following measures are recommended to be under-
taken by the Owner, in approximate order of priority,
immediately:

(1) Remove the sandbags from the spillway crest.

(2) Engage the services of a professional engineer
experienced in the design and construction of dams to
perform the following studies: a study to more accurately
determine the spillway capacity required at the dam and
the measures required to make the spillway hydraulically
adequate, a study to determine the best way of making
the outlet works fully operational, and a study to deter-
mine the structural factors of safety for the embankment.
As a minimum, the studies will require an exploration
program to determine the engineering properties of the
embankment and foundation soils and information concerning
the water level in the embankment, which may be obtained
with the observation wells recommended below. Take ap-
propriate action as necessary.

(3) Install ten or more observation wells, or other
instrumentation, downstream from the axis of the embank-
ment. Two wells, or other instrumentation, should be
located in the vicinity of the seepage area to the right
of the outlet works channel. Four others should be in
the embankment near the maximum section. The others
should be at appropriate locations to determine general
water levels in the downstream embankment. Data collected
from observation wells or other instrumentation should
be utilized in evaluating the stability of the structures
and assessing piping potential. Continue to observe wet
areas and seepage downstream from the embankment. If
conditions worsen, appropriate action should be taken to
control seepage with properly designed drains.
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(4) Repair the spillway slabs.

(5) Extend the riprap on the upstream slope to the
top of the dam.

(6) Monitor by any suitable means the scour,
cracking, and deterioration of the concrete spillway
walls, the sloughing near the top of the dam, and the
heaves on the upstream slope. Take remedial action when
needed.

(7) Provide closure facilities for the outlet works
pipes upstream of the concrete core-wall for periodic
inspection and for use in the event the pipes leak se-
verely, thereby endangering the embankment.

(8) Remove the brush from the embankment slopes
and the trees from near the downstream toe.

In addition, the Owner should institute the
following operational and maintenance procedures:

(1) Develop a detailed emergency operation
and warning system for Dam F.

(2) During periods of unusually heavy
rains, provide round-the-clock surveillance of Dam F.
Have sufficient personnel available to remove debris
that may collect at the spillway bridge.

(3) When warnings of a storm of major pro-
portions are given by the National Weather Service, the
Owner should activate his emergency operation and
warning system.

(4) Institute an inspection program such that
the embankment is inspected frequently. The program
should include a formal annual inspection by a profes-
sional engineer experienced in the design and construc-
tion of dams. Utilize the results to determine if
remedial measures are necessary.
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(5) Institute a mintenaice p'ograrr tPru-
perly maintain all features of t,.he dam.

Submitted by:

0____ GANNETT FLEMINC CORDDRY
AND CARPENTER, INC.

ULERT GrIALE I_

, C , .A. C. HOOKE
Head, Dam Section

Date: 22 June 1979

Approved by:

DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS

JAMES W. PECK
N Colonel, Corps of Engineer,iNJ District Engineer
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DELAWARE RIVER BASIN

DRECK CREEK, LUZERNE COUNTY

PENNSYLVANIA

DAM F

NDI ID No. PA-00642
DER ID No. 40-13

HAZLETON CITY AUTHORITY

PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

MAY 1979

SECTION 1

PROJECT INFORMATION

1.1 General.

a. Authority. The Dam Inspection Act, Public
Law 92-367, authorized the Secretary of the Army, through
the Corps of Engineers, to initiate a program of inspec-
tion of dams throughout the United States.

b. Purpose. The purpose of the inspection is to
determine if the dam constitutes a hazard to human life
or property.

1.2 Description of Project.

a. Dam and Appurtenances. Dam F is a homoge-
neous earthfill embankment with a concrete core-wall.
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The embankment is 830 feet long and ?l feet high at
maximum section. The outlet works, which is near the
middle of the embankment, consists of a concrete intake
structure, two 24-inch diameter cast-iron pipes, a valve
house, and an outfall.

The concrete chute spillway is at the left
abutment of the dam. Its crest is 4.5 feet below the
design elevation of the top of the dam and is 29 feet
long. The approach channel is short and concrete-
paved. The exit channel is a continuation of the chute.
A bridge extends across the spillway crest. The various
features of the dam are shown on the Plates at the end
of the report and on the Photogrephs in Appendix D.

b. Location. The dam is located on Dreck Creek,
approximately 3.6 miles east of Hazleton, Pennsylvania.
Dam F is shown on US9S Quadrangle, gazelton, Pennsylvania,
with coordinates N40 56'55" and W75 54'35 '' in Luzerne
County, Pennsylvania. Dam G is located downstream from
Dam F on Dreck Creek, 0.3 mile east of Dam F. A location
map is shown on Plate 1.

c. Size Classification. Small (31 feet high,
885 acre-feet).

d. Hazard Classification. High hazard. Downstream
conditions indicate that a high hazard classification
is warranted for Dam F (Paragraph 5.1c.).

e. Ownership. Hazleton City Authority, Hazleton,

Pennsylvania.

f. Purpose of Dam. Water supply for Hazleton.

g. Design and Construction History. Dam F was
constructed between 1910 and 1916. The dam was designed
by S. D. Warriner, A. B. Jessup, Edgar Kudlich,
W. H. Davies, J. H. Humphrey, and A. H. Lewis. All these
gentlemen were staff members of the Hazleton Water
Company, the original owner. The contractor was the
Read Contracting Company. J. W. Ledoux, a consulting
engineer of Philadelphia, was retained by the Water
Company when the dam was under construction. He recom-
mended both raising the top elevation 10 feet to its
present design elevation and modifying the spillway to
its present design configuration.

-2-
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The dam was almost complete when the Common-
wealth enacted the permit requirement for constructing
dams. The dam was studied, when still under construction,
by the Pennsylvania Water Supply Commission as part
of their 1914 dam inspection report. The study recom-
mended the issuing of a permit without any modifications
to the dam.

At some later date, a reducer was added
at the outfall of the left outlet works pipe. The
bridge across the spillway was constructed at an unknown
date, but before 1965.

Tropical Storm Agnes, in June 1972, caused
scour and erosion at the spillway chute. Gannett
Fleming Corddry and Carpenter, Inc., prepared plans
in 1973 for emergency repairs to the spillway. The re-
pairs are discussed in Section 6.

h. Normal Operational Procedure. The pool is main-
tained at the top of the sandbags on the spillway crest
with excess inflow discharging over the spillway. Re-
leases from the outlet works, as well as spillway dis-
charges, flow downstream to Dam G.

1.3 Pertinent Data.

a. Drainage Area. (square miles) 2.4

b. Discharge at Damsite. (cfs.)
Maximum known flood at damsite Unknown

Outlet works at maximum pool elevation
Left Outlet 4
Right Outlet 68
Total 72

Spillway capacity at maximum pool
elevation

Design Conditions 860
Existing Conditions 830

c. Elevation. (feet above msl.)
Top of dam 1614.5
Maximum pool 1614.5
Normal pool (spillway crest) 1610.0
Upstream invert outlet works 1584.8
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c. Elevation. (feet above msl.) (cont'd.)
Downstream invert outlet works

Left Outlet 1583.6
Right Outlet 1593.1

Streambed at toe of dam 1583.6

d. Reservoir Length. (miles.)
Normal pool 0.76
Maximum pool 0.92

e. Storage. (acre-feet)
Normal pool 589
Maximum pool 885

f. Reservoir Surface (acres.)
Normal pool 64
Maximum pool 68

g. Dam.
Type Homogeneous

earthfill with
concrete core-
wall.

Length (feet) 830

Height (feet) 31

Topwidth (feet) Varies, 6 to 10

Side Slopes
Design

Upstream 1V on 2H
Downstream 1V on 1.67H

Existing Conditions
Upstream 1V on 2.1H
Downstream 1V on 1.75H

Zoning Core-wall

-4-
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Cut-off Core-wall
founded in
cut-off trench,
timber sheeting
beneath.

Grout Curtain None.

h. Diversion and Regulating Tunnel. None.

i. Spillway.
Type Concrete chute.

Length of Weir (feet)
Design 30.0
Existing 29.0

Crest Elevation 1610.0

Upstream Channel Short concrete-
paved section
with vertical
concrete walls

Downstream Channel Chute extends
to Dam G reservoir
downstream.

j. Regulating Outlets.
Type Two 24-inch

diameter
cast-iron
pipes (CIP).
Left outlet
reduces to
6-inch diameter
at toe.

Length (feet).

Left Outlet 151
Right Outlet 114
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j. Regulating Outlets. (cont'd.)

Closure
Valve house at
downstream toe.

Access Over embankment
slope to valve
house at toe.

I I
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SECTION 2

ENGINEERING DATA

2.1 Design.

a. Data Available. No engineering data were
available for review for the structure as originally
designed. In a study performed in 1914 by the Pennsylvania
Water Supply Commission an account of design concepts,
geology, construction materials and methods, and design
features was prepared for the components of the dam from
interviews with the Owner, visual inspection, and other
sources. The 1914 study also included analyses for hy-
drology and hydraulics. A summary of the results of
the analyses is on file.

b. Design Features. The project is described
in Paragraph 1.2g. The various features of the dam are
shown on the Plates at the end of the Report and on the
Photographs in Appendix D. The embankment is shown on
Plates 2 and 4 and on Photographs A, B, C, and D. The
spillway is shown on Plate 2 and on Photographs G, H,
I, and J. The outlet works is shown on Plates 4 and 5
and on Photographs E and F. No plans are available for
the reducer added to the left outlet works pipe.

C. Design Considerations. There are insufficient

data to assess the design.

2.2 Construction.

a. Data Available. Construction data for the
original structure that are available for review, con-
sists of the information contained in the 1914 Report
prepared by the Pennsylvania Water Supply Commission.
The information is relatively well detailed. The re-
port states that the embankment is constructed of a
sandy and gravelly clay, with stones larger than 6-inches
removed, that was sprinkled and then compacted by the
earth-moving equipment. The concrete core-wall is re-
portedly founded in a trench 4 to 5.5 feet deep. Timber

-7-
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sheeting was driven 4 to 5 feet below the bottom of the
trench. The core-wall was placed around the timber,
which protrudes 3 feet into the core-wall. A water-
proofing compound was placed on the upstream face of the
core-wall. A pocket of gravel discovered upstream of
the core-wall was excavated and filled with impervious
material.

b. Construction Considerations. The available
information indicates that the dam was well constructed.
Although the embankment could have been compacted better,
it has existed for 63 years without any reported problems.

2.3 Operation. There are no formal records of operation.
The Owner did not report any problems having occurred
over the operational history of the dam, except for
damage to the spillway chute during Tropical Storm
Agnes.

2.4 Evaluation.

a. Availability. Engineering data were provided
by the Bureau of Dam Safety, Obstructions, and Storm Water
Management, Department of Environmental Resources, Com-
monwealth of Pennsylvania, and by the Owner, Hazleton
City Authority. The Owner made available The General
Manager for information during the week of the visual
inspection. He also researched his files for further
information at the request of the inspection team.

b. Adequacy. The type and amount of design data
and other engineering data are limited, and the assess-
ment must be based on the combination of available data,
visual inspection, performance history, hydrologic as-
sumptions, and hydraulic assumptions.

c. Validity. There is no reason to question the
validity of the available data.

-8-



SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General. The overall appearance of the dam
is fair. Deficiencies were observed as noted below.
A sketch of the dam with the location of deficiencies
is presented in Appendix B on Plate B-l. Survey infor-
mation acquired for this report is summarized in Appen-
dix B. On the day of the inspection, the pool was
0.5 foot above spillway crest.

b. Embankment. The riprap on the upstream slope
is in good condition. There is minor heaving of the
riprap along the upstream slope. The riprap terminates
0.9 foot below the design top of dam elevation (Photograph
A). Above the top of the riprap, the soil is soft and
minor shallow sloughing has occurred all along the top.
This sloughing was also observed at areas along the
downstream edge of the top of the dam, where the riprap
also terminates 0.9 foot below the design top elevation
(Photograph C). The measured topwidth varies between 6
and 10 feet. Thick brush covers areas of the downstream
slope. Mature trees are growing at the toe of the dam
(Photograph C). Areas of the downstream slope are
bulged and heaved (Photograph D). Smooth heaves start
about 400 feet to the right of the outlet works and
continue to the left. The heaves appear as 1-foot high
ripples on the slope. The heaves transition to bulges
about 140 feet to the right of the outlet works. The
bulges have a much more peaked appearance. They extend
all the way to the spillway at the left abutment. The
largest bulge was estimated to be about 4 feet high.
The heaves and bulges are generally near the toe of the
slope.

-9-
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Seepage and wet areas were observed immediately

downstream of the toe. A hole atout 1.5 feet deep, with
standing water, is about 150 feet from the right abut-
ment. Another, about 50 feet t, the left and aLeut
4 feet deep, also has standirg wate, ' . A dry "lcw patr
starts near this second hole and exLend. f-,r about.
30 feet. to a:, ar o seeping le'r wa er ;it :i:_ it ? gpr .
This joins water from other seep.,e nri is til, near
the out-,et works, tii( total s,:era - about ,-jU tr
30 gpm. There are also soft aind wCt area-, riar the
1,ift abutment vh-rc the emba .:m,n t aruts the- npillway.
The seepage frcr. this are, is cleir "r.J i2 estirrated at
1 gpm. The downstr-am toe at the maxinur .. ,ction of
the dam is a swamp created by the reservoir of Dam 0
Jimmediately downstream (Photograp. E). All the seepage
that was observed flows into thi, swamp. Seepage
through or under this swamp would discharge into it and
would not be oboervable. Heavy rains, which oocurre
two days prier to the inspection, may nave contributed
significantly to the seepage. All the seepage areas
are sketched on Plate B-i.

A survey performed for this inspection r,:vcaled
tidt the embankrrant is above its design elevation and
tnat the upst:-eam slope agrees approximately with the

design siope of 1V on 2H. The downstream slope of IV
on 1.75H is slightly flatter the design slope of
IV on 1.67F.

c. Appurtcnant Structures. The outlet works
apD¢crs in poor condition hotcraph £). Tte left out-
let pipe i: u eJ by the Owner to regulate inflow to Dam G,
if required. Tt s operated by a hand., wliich extends

nti, ',h the roof of' the v-i Lv c hrrc.e. Thlis line pro-
,'id(e; with a r c :r. Th- re, J :oed ir] e extend.-, t c a
Vr ay-l ike devi io .ust ac nztrcam uf the outlet works

A*illinw bar-in. The reducer ,;i: a smi'al leak. The
right line is arranged a- shown or F late 5. Thrre d-e;
n t appear to L-, any ready aocess to the valv, -n this
In.. Th r' .,n the valve house i.-1 near col ~p'e; it,

wo Ld K ye to t,- removed to Fain access to the right
ine valve. This valve either leaks or is craAk..d open,

as a small flow is discharging from the line. The walls
.the concrete valve house are severely aeteriorated

Photograph F). The Owner declined to operate the ,ut-
!it works v;_ve rut of concern the valve would remain

t he open r'osltion.
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Although the spillway is in fair structural
condition, the Owner has placed sandbags across the
spillway crest (Photograph H). The sandbags are piled
0.5 to 0.7 feet high. The approach walls and training
walls immediately downstream of the crest are covered
with shotcrete (Photograph G). These walls have a
minor amount of shrinkage cracks. One area of the
wall shows evidence of relative movement. As the
offset is covered with shotcrete, the movement is ob-
viously not recent. Immediately downstream of the spill-
way crest, the slab is severely scoured (Photograph H).
Further downstream, the slab is less severely scoured.
The walls evidence minor signs of distress. The areas
are sketched in Appendix B.

The spillway crest measured 29 feet. This
is 1 foot shorter than the design crest length. A
bridge extends across the spillway crest. Its low
steel is at the design top of dam elevation (Photo-
graph H). The bridge deck is beginning to deteriorate.

d. Reservoir Area. Most of the watershed is
owned by Hazleton City Authority. The USGS mapping
indicates strip mining in a minor portion of the water-
shed fringe. The remainder of the watershed is fairly
steep hills; it is wooded and almost entirely undeveloped
except along a public road, where the development is
minor. The submerged remains of Dam K were observed
in the reservoir. The records state that Dam K was
breached and abandoned when Dam F reservoir was filled.
The access road to Dam F extends along the left bank of
the reservoir and is high above it.

e. Downstream Conditions. Immediately down-
stream of Dam F is Dam G, whose reservoir is at the
toe of Dam F (Photograph E). The stream extends
along an uninhabited reach for 5.5 miles from Dam G
to the community of Weatherly, where at least 40
dwellings are within the flood plain.

-11-
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedure. The reservoir is maintained at the
top of the sandbags on the spillway crest, with excess
inflow discharging over the spillway and into Dam G
reservoir. A 24-inch diameter cast-iron water supply
line reduced to a 6-inch diameter line, discharges
into Dam G Reservoir. Since inflow to Dam G is continually
required for water supply purposes,the valve on the Dam F
left water discharge line is usually operated in the throttled
position. The valve on the right line is usually closed.

4.2 Maintenance of Dam. The dam is visited daily by a
caretaker who adjusts the left discharge line valve, if
necessary. Inspections of the dam are not made. Brush
is cut at irregular intervals.

4.3 Maintenance of Operating Facilities. The left
outlet works valve is operated when required. The right
outlet works valve is not maintained.

4.4 Warning Systems in Effect. The Owner stated that
there is no emergency operation and warning system.
He stated that, should the dam fail, no damage would
result downstream.

4.5 Evaluation Of Operational Adequacy. The maintenance
of the embankment and spillway is marginal. The main-
tenance of the outlet works is poor. Inspections are
necessary to detect hazardous conditions at the dam. As
described hereafter, the failure of the dam would result in
damage. An emergency operation and warning system is necessary
to mitigate the hazards downstream, should evidence of
stress become evident at the dam.

-12-
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SECTION 5

HYDROLOGY AND HYDRAULICS

5.1 Evaluation of Features.

a. Design Data. No data were available for re-
view for the structure as originally designed or for
the modifications made during construction. During 1914,
a report on the dam was prepared by the Pennsylvania
Water Supply Commission. The report estimated the max-
imum spillway capacity at 860 cfs. The spillway capa-
city used in this report is in agreement with the above
figure, except it was adjusted to 830 cfs to account for
the reduced crest length (Appendix C).

b. Experience Data. The Owner stated that no
records of maximum pool levels were available. As noted
in Paragraph 1.2g, Tropical Storm Agnes caused bubstan-
tial damage to the spillway. Although this is probably
the flood of record, there is insufficient information
to estimate the flow.

c. Visual Observations.

(1) General. The visual inspection of Dam F,
which is described in Section 3, resulted in a num-
ber of observations relevant to hydrology and hydraulics.
These observations are evaluated herein for the various
features.

(2) Embankment. The riprap being below the top
of the dam is an erosion hazard when the pool is above
spillway crest elevation.

(3) Appurtenant Structures. As noted in Appendix C,
the discharge capacity of the left outlet works line is
4 cfs. As there is no evidence to suggest that the right
outlet works line is operational, the dam must be considered
to have essentially no operational emergency drawdown capa-
bility. Both the outlet works pipes extend under pressure
through thu embankment without upstream closure facilities.

-13-
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The Owner stated that the sandbags provide
additional storage for periods when the system runs low on
water. He considered this a "slight" deviation from ap-
proved operating practice. The sandbags are a serious
hazard to the dam because they significantly reduce the
spillway capacity. The bridge across the spillway crest has
the potential to collect debris, which would further reduce
the spillway capacity.

(4) Reservoir Area. The strip mine covers a suf-
ficiently small part of the watershed that it will have a
negligible effect on the hydrology. The effects of Dam K
have been ignored in the analysis described hereafter.
Access to Dam F is good. The records state that the drainage
area of Dam F is 2.1 square miles. This estimate dates from
1914 or earlier. More recent USGS mapping was used to
determine the 2.4 square miles used in this report. The
assessment of the dam is based on existing conditions, and
the effects of future development are not considered.

(5) Downstream Conditions. No conditions were
observed downstream from the dam that might present significant
hydraulic hazard to the dam. A Phase I Report for the
National Dam Inspection Program is concurrently being prepared
for Dam G. In that report, the spillway of Dam G, which is
a high hazard, small size dam, is rated as seriously inadequate.
A failure of Dam G could cause damage downstream in the
community of Weatherly. Because failure of Dam F would
cause failure of Dam G, a high hazard classification is
warranted for Dam F.

d. Overtopping Potential.

(i) Spillway Design Flood. According to the
criteria established by the Office of the Chief of Engi-
neers (OCE), the Spillway Design Flood (SDF) for the size
(Small) and hazard potential (High) of Dam F is between
the Probable Maximum Flood (PMF) and the 1/2 PMF. Be-
cause the SDF for Dam G is the PMF, the PMF is selected
as the SDF for Dam F.

_14-

4LI



(2) Description of Model. The watershed was
modeled with the HEC-lDB computer program. The HEC-lDB
computer program computes a PMF runoff hydrograph and
routes the flows through both reservoirs and stream sec-
tions. In addition, it has the capability to simulate
an overtopping dam failure. The PMF inflow to Dam F
reservoir was routed through the dam. Identical methods
were used for various percentages of the PMF.

(3) Summary of Results. Pertinent results
are tabularized at the end of Appendix C. The analysis
reveals that Dam F can pass about 29 percent of the PMF
without overtopping. The dam is rated at its design top
elevation. The above figure does not include the effects
of the sandbags in the spillway. The actual percentage
is significantly lower.

(4) Spillway Adequacy. The criteria for rating a
spillway is presented in Appendix C. Dam F would be overtopped
by 0.53 foot during the 1/2 PMF. This would probably cause
the embankment to fail. The embankment was assumed to fail
over a 85-foot long breach 0.2 hour after the dam would be
overtopped by 0.1 foot. The breach was assumed to extend
down to Elevation 1584.0. A breach of this size will result
in a peak outflow of 50,570 cfs. This flow was routed into
Dam G Reservoir. The failure of Dam G would be almost
simultaneous. The flows were then routed downstream to
Weatherly. The combined failure of Dam F and Dam G will
raise the water surface in Weatherly by 8.6 feet above the
water surface were no failure to occur. There is an increased
hazard to loss of life. The spillway capacity of Dam F is
rated as seriously inadequate.

-
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations.

(1) General. The visual inspection of Dam F,
which is described in Section 3, resulted in a number of
observations relevant to structural stability. These ob-
servations are evaluated herein for the various features.

(2) Embankment. An inspection by the Commonwealth
in 1928 noted that fill had recently been placed on the top
of the dam. It is surmised that uncompacted soil was placed
along the top of dam to fill in low areas and that an amount
of overbuild was provideC. This is probably the reason why
the embankment is above its design elevation, minor sloughing
occurred, and the existing top width varies. These con-
ditions are not of particular concern. The brush on the
slopes and the trees along the toe are undesirable. The
bulges and heaves on the downstream slope are of concern. A
1928 inspection report by the Commonwealth noted that the
paving on both slopes had just been relaid. The present
bulges were first noted in an inspection by the Commonwealth
in 1944. In that inspection report, the bulges were described
as extending over a 50-foot length near the outlet works.
Repairs were ordered, but apparently never accomplished.
The present bulges are much more extensive. The heaves on
the upstream slope are probably caused by poor construction
.grading; they are not of particular concern.

The seepage downstream from the dam is sub-
stantial. Furthermore, the Dam G reservoir covers the
area where the most seepage would be expected. To pro-
perly monitor seepage in this section of the embankment,
instrumentation would be required.
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(3) Appurtenant Structures. Most of the con-
dition! at the outlet works are assessed In Section 5.
The deterioration of the valve house is probably caused
by a poor mix of concrete and a lack of maintenance.
The Owner reported that the reservoir water is very acid,

which may be another contributing factor.

The scour observed at the spillway is an in-
dication of the lack of maintenance. A review of the
periodic inspections by the Commonwealth indicate that
severe deterioration of the concrete had been continuing for
many years before Tropical Storm Agnes. The plans prepared
by Gannett Fleming Corddry and Carpenter, Inc. (GFCC) to
repair the damage caused by that storm indicated that scour
holes in the slab from 20 to 90 feet downstream from the
spillway crest were to be filled and that the slab from 90
to 150 feet downstream from the spillway crest was to be
replaced. No repairs to the walls were indicated on the
plans. The slab that was replaced is in good condition.
The slab that was repaired is scoured, but not severely.
The slab upstream of the repaired section is severely scoured.
A discussion with GFCC's project manager indicated that this
area was not scoured immediately after Tropical Storm Agnes.
The scour is apparently recent. The shotcrete on the spillway
walls is in good condition. The shrinkage cracking, minor
bulging at one area, and leaching at another is not an
immediate hazard to the dam. However, it is surmised that
the shotcrete is 6 inches thick on each wall, which accounts
for the 1 foot reduction from the design crest length.

The deterioration of the bridge slab is not a
hazard to the dam at present. Further deterioration could
hinder access.

b. Design and Construction Data. No stability analysis

for the embankment is available. Analysis of the embankment
stability is beyond the scope of this study. The bulges and
heaves on the embankment have apparently not stabilized.

c. Operating Records. There are no formal records of
operation. No evidence of instability on any feature of the
dam has been noted, except for the bulges on the downstream
embankment slope.

-17-



d. Post-construction Changes. There have been no
post-construction changes to Dam F that would affect its
stability.

e. Seismic Stability. Dam F is located in Seismic
Zone 1. Normally it can be considered that if a dam in
this zone has adequate factors of safety under static
loading conditions, it can be assumed safe for any ex-
pected earthquake loading. However, since there are no
formal static stability analyses, and there is the po-
tential of earthquake forces moving or cracking the con-
crete core-wall, the theoretical seismic stability of
Dam F cannot be assessed.

-18-



SECTION 7

ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety.

(1) Based on available records, visual in-
spection, calculations, and past operational performance,
Dam F is judged to be in fair condition. The spillway
will pass only 29 percent of the PMF without overtopping
of the dam. The Owner has placed sandbags along the
spillway crest, which reduce the spillway capacity fur-
ther. If the dam should fail, the resulting outflow
would overtop and cause the failure of the high hazard
Dam G downstream. This would result in a loss of life.
The spillway capacity is rated as seriously inadequate.
According to criteria established for these studies, the
dam must be rated as unsafe, nonemergency, because the
spillway capacity is seriously inadequate.

(2) There are bulges on the downstream em-
bankment slope that apparently have not stabilized.

(3) The dam has essentially no operational

emergency drawdown capability.

(4) Maintenance at the dam is marginal.

(5) A summary of the features and observed
deficiencies is listed below:

Feature and Location Observed Deficiencies

Embankment:

Upstream slope Minor heaves riprap does not
extend to the top of the dam,
brush.
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Feature And Location Observed Deficiencies

Embankment:

Top Sloughing at edges.

Downstream Slope Heaves and bulges, brush.

Toe Trees, seepage.

Outlet Works:

Valve pit Deteriorated, roof near collapse.

Pipes No access to right line valve,
pipes under pressure through
embankment.

Spillway

Weir Sandbags along crest.

Channel Scour in chute, minor defi-
ciencies along wall.

b. Adequacy of Information. The information
available is such that an assessment of the condition
of the dam can be inferred from the combination of
visual inspection, past performance, and computations
performed prior to and as part of this study.

c. Urgency. The recommendations in Paragraph 7.2
should be implemented immediately.

d. Necessity for Further Investigations. In order
to accomplish some of the remedial measures outlined in
Paragraph 7.2, further investigations by the Owner will
be required.

7.2 Recommendations and Remedial Measures.

a. The following measures are recommended to be
undertaken by the Owner, in approximate order of priority,
immediately:

-20-



(1) Remove the sandbags from the spillway
crest.

(2) Engage the services of a professional
engineer experienced in the design and construction of
dams to perform the following studies: a study to more
accurately determine the spillway capacity required at
the dam and the measures required to make the spillway
hydraulically adequate, a study to determine the best
way of making the outlet works fully operational, and
a study to determine the structural factors of safety
for the embankment. As a minimum, the studies will
require an exploration program to determine the en-
gineering properties of the embankment and foundation
soils and information concerning the water level in the
embankment, which may be obtained with the observation
wells recommended below. Take appropriate action as
necessary.

(3) Install ten or more observation wells,
or other instrumentation, downstream from the axis of the
embankment. Two wells, or other instrumentation, should
be located in the vicinity of the seepage area to the
right of the outlet works channel. Four others should be
in the embankment near the maximum section. The others
should be at appropriate locations to determine general
water levels in the downstream embankment. Data collected
from observation wells or other instrumentation should be
utilized in evaluating the stability of the structures
and assessing piping potential. Continue to observe
wet areas and seepage downstream from the embankment.
If conditions worsen, appropriate action should be
taken to control seepage with properly designed drains.

(4) Repair the spillway slabs.

(5) Extend the riprap on the upstream slope
to the top of the dam.

(6) Monitor by any suitable means the scour,
cracking, and deterioration of the concrete spillway walls,
the sloughing near the top of the dam, and the heaves on
ule upstream slope. Take remedial action when needed.

-21-
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(7) Provide closure facilities for the outlet
works pipes upstream of the concrete core-wall for periodic
inspection and for use in the event the pipes leak severely,
thereby endangering the embankment.

(8) Remove the brush from the embankment slopes
and the trees from near the downstream toe.

b. In addition, the Owner should institute the
following operational and maintenance procedures:

(1) Develop a detailed emergency operation
and warning system for Dam F.

(2) During periods of unusually heavy rains,
provide round-the-clock surveillance of Dam F. Have suf-
ficient personnel available to remove debris that may
collect at the spillway bridge.

(3) When warnings of a storm of major pro-
portions are given by the National Weather Service, the
Owner should activate his emergency operation and warning
system.

(4) Institute an inspection program such that
the embankment is inspected frequently. The program
should include a formal annual inspection by a profession-

al engineer experienced in the design and construction
of dams. Utilize the results to determine if remedial
measures are necessary.

(5) Institute a maintenance program to properly
maintain all features of the dam.

-22-
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APPENDIX C

HYDROLOGY AND HYDRAULICS

In the recommended Guidelines for Safety Inspection of Dams,
the Department of the Army, Office of the Chief of Engineers (OCE),
established criteria for rating the capacity of spiliways. The recom-
mended Spillway Design Flood (SDF) for the size (small, intermediate,
or large) and hazard potential (low, significant, or high) classification
of a dam is selected in accordance with the criteria. The SDF for
those dams in the high hazard category varies between one-half of the
Probable Maximum Flood (PMF) and the PMF. If the dam and spillway
are not capable of passing the SDF without overtopping failure, the
spillway capacity is rated as inadequate. f the dam and spillway are
capable of passing one-half of the PMF without overtopping failure,
or if the dam is not in the high hazard category, the spillway capacity
is not rated as seriously inadequate. A spillway capacity is rated as
seriously inadequate if all of the following conditions exist:

(a) There is a high hazard to loss of life from large flows
downstream of the dam.

(b) Dam failure resulting from overtopping would significantly
increase the hazard to loss of life downstream from the dam from that
which would exist Just before overtopping failure.

(c) The dam and spillway are not capable of passing one-half
of the PMF without overtopping failure.



APPENDD( C

Name of Stream: BC CaE EIC.

Name of Dam: F

NDI ID No.: _____ -____________-

DER ID No.: t10_ _ 1 __/3

Latitude: LV S/ 6 . longitude: ZS/ - 0 q '-S

Top of Dam (lew-spot) Elevation: /__/_.__"-

Streambed Elevation: /L L.I Height of Dam: 21 ft

Reservoir Storage at Top of Dam Elevation: acre-ft

Size Category: M A L-

Hazard Category: 14-..r (see Section 5)

Spillway Design Flood: VA ?rv5 -P 112--V P

A S7. I4~~~t PMT-

UPSREAM DM

Distance Storage
from at top of
Dam Height Dam ElevationName (miles) (ftL (acre-f) Remarks

DOWNSTREAM DAMS

i ~

D m0 -- 0

4k



,__ ___ ___ ___ ___ __ _ .River Basin

Name of Stream: 2 e e - CC 1Ez .

Name of Dam: E

Latitude: A 1'O Tl ' ST Longitude: kl 7S SAY'3 -"

DETERMINATION OF PMF RAINFALL

For Area A 
I

which consists of Subareas Of V. !J3 sq. mile

Total Drainage Area l 3 sq. mile

PMF Rainfall Index = 2.5 in., 24 hr., 200 sq. mile

Hydromet. 40 Hydromet. 33
(Susquehanna Basin) (Other Basins)

Zone N/A

Geographic Adjustment Factor 1m 1.0r

Revised Index Rainfall /V/_,_,_,

RAINFALL DISTRIBUTION (percent)

Time Percent

6 hours

12 hours 12V
24 hours /22 .

48 hours L0
72 hours
96 hours MA

C-3
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Data for Dam at Outlet of Subarea .I-
(see Sketch on Sheet C-._J

Name of Dam: F Sheet 1 of _

Height: 3 C F- (Ife"9)

Spfllway Data: Existing Design
Conditions Conditions

Top of Dam Elevation / /1 1/. 1 I? I I ..j

Spillway Crest Elevation /.

Spillway Head Available (ft) .".

Type Spillway CLcoe-Er C.-/ur- £.-'e)7* CCO''JTLOL- SCiorj

"C" Value - Spillway 2.0 3.0

Crest Length - Spillway (ft) ', 0 30.0)

Spillway Peak Discharge (cfs) q M a A0

Auxiliary Spillway Crest Elevation ror" : M C "

Auxiliary Spillway Head Available (ft)

Type Auxiliary Spillway

"C" Value - Auxiliary Spillway -

Crest Length - Auxiliary Spillway (ft) -

Auxiliary SpilIway
Peak Discharge (cfs) -

Combined Spillway Discharge (cfs) C /Q

Spillway Rating Curve: /E 5qaT-

Elevation 0 Spillway (cfs) 0AuxiliarvSpillway (cfs) Combined (cfs)

*'3 .F. i ,~~' LC.
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Data for Dam at Outlet of Subarea A I-I t

Name of Dam: F Sheet 2 of

Outlet Works Rating: Outlet I Otlet 2

Invert of Outlet /5 _ J. I__a L. (

Invert of Inlet /S 94. 1 k _

Type _____ cP

Diameter (ft) = D :2- ____ __

Length (ft) = L /09 3

Area (sq. ft) - A Y 23. ___. _

N ;.1 .1, .0i23

K Entrance 0. __o" -

K Exit /-0

K Friction- 29.1N2L/R 4 / 3 1.3 i/ / _38___

Sum of K Al. 26 CA.)

(l/K)O5 =C = c6 _ _ _"I

Maximum Head (ft) - HM ; _,____

Q = C A V2g(HM)(cfs) __)_19

Q Combined (cfs) ,__ 2 _____,

~p)Re~~a&Jc~ 70 '~

OUL)Lt ISr 43

R = Hydraulic Radius = (Area/Wetted Perimeter) =

D/4 for Circular Conduits.

C-7



Data for Dam at Outlet of Subarea

Name of Dam: F Sheet 3 of

Storage Data:

Area million
Elevation (acres) cals acre-ft Remarks

I.J = ELEVO 0 0 0
1610.0 = ELEVI 6/ q -Al I Z 589 =S1

/ 61q.!5 &7. C -5 .Z ra-c .

/6 I.; 0f 7e? ;L ZNeto,

•ELEVO =ELEV1 (3S1/Al)

•*Planimetered contour at least 10 feet above top of dam

Reservoir Area at Is / percent of watershed.

Remark s:

_k



Data for Dam at Outlet of Subarea 1

Name of Dam: . Sheet 4 of

Breach Data:

Sketch of Dam Profile (not to scale):

Sketch of Top of Dam (not to scale):

Soil Type from Visual Inspection: ,__A____ __ _ _ -_--_I

Maximum Pemjsjible Velocity (Plate 28, EM 1110-2-1601) 1. fps
(from Q - CLH 3 1 ' = V-A and depth = (2/3) x H)

HMAX = (4/9 V2 /C 2 ) = ,..LL ft., C =

HMAX + Top of Dam Elev. = _____, __ == FAILEL
(Above is elevation at which failure would start)

Dam Breach Data:

BRWID = ft (width of bottom of breach)

Z = - (side slopes of breach)

ELBM = . (bottom of breach elevation,
minimum of zero storage elevation)

WSEL = , (normal pool elevation)

T FAIL= /__,- mins

= -hrs (time for breach to develop)

'C -Ct



_ DELA W609- River Basin

Name of Stream: Dpec. EE V_

Name of Dam: ..

NP PN.:

PER =1 No___

Latitude: t4 L 0  c' f 6" Longitude: j7 O5 q/3--

Drainage Area: 2. L/3 sq. mile

Data for Subarea: 6d- (see Sketch on Sheet C-I

Name of Dam at Outlet of Subarea: E
Drainage Area of Subarea: 2. j 3 sq. mile

Subarea Characteristics:

Assumed Losses: 1.0-inch initial abstraction + 0.05 in/hr

The following are measured from outlet of subarea to the
point noted:

L = Length of Main Watercourse extended to the divide = l.lmileS

LCA = Length of Main Watercourse to the centroid = -mile s

From NAB Data: Age#e ,2- ) *4

Cp =

CT = ,°I

TP = CT x (LxLCA)03 =. L7 hrs)

Flow at Start of Storm = 1. 5 cfs/sq. mile x Subarea D.A = . cfs

Computer Data:

QRCSN = -0.05 (5% of peak flow)

RTIOR = 2.0

Remarks:
C-



Data for Dam at Outlet of Subarea -
(see Sketch on Sheet C-4

Name of Dam: 6 Sheet 1 of

Height: / 9 " ( m

Spillway Data: FR5A 'P -E - Existing Design
1 -owT" go C itions Conditions

Top of Dam Elevation 15 E36 q, j 5 7, 0

Spillway Crest Elevation /5 -'g, 1 /5-9.

Spillway Head Available (ft) .. q 3. 0

Type Spillway ()QC. 7I C rg" I, 7,j CO,.TkcL &&C7 i J

"C" Value - Spillway 3.0 3. 0

Crest Length - Spillway (ft) 7 'a R*

Spillway Peak Discharge (cfs) I/

Auxiliary Spillway Crest Elevation _ 00aMON k;

Auxiliary Spillway Head Available (ft) (- see V ,)

Type Auxiliary Spillway

"C" Value - Auxiliary Spillway --

Crest Length - Auxiliary Spillway (ft) _ _ --

Auxiliary SpllIway
Peak Discharge (cfs)

Combined Spillway Discharge (cfs) ___/__ '//70

Spillway Rating Curve: -/ 5 " - F o,v )ti "

Elevation 0 Svillway (cfa) OAuxiliaryS illwav (cfs) Combined (cfs)

, C-/



Data for Dam at Outlet of Subarea

Name of Dam: __Sheet 3 of__

Storage Data: F t- - r ;EO-l
StoMoe

Area million
Elevation (acres) gals a-ft Remarks

L .ELEVO 0 0 0_
J57 ELEVI /3 I-A 1 E? si

if;_ ____ /7cvc oJe

S7 e7,c___ 2

* ELEVO = ELEV1 - (3S 1 /AI)

** Planimetered contour at least 10 feet above top of dam

Reservoir Area at Top of Dam is percent of watershed.

Remarks:

'L C-,,-4 j.



Data for Dam at Outlet of Subarea _ 3
Name of Dam: G Sheet 4 of

Breach Data:

Sketch of Dam Profile (not to scale):

Sketch of Top of Dam (not to scale):

Soil Type from Visual Inspection: 6 oNL. L -

Maximum Pemjsible Velocity (Plate 28, EM 1110-2-1601) j, ... fps
(from Q =CLH 3 " =V.A and depth (2/3) xH) A:,L..l

HMAX = (4/9 V2 /C 2 ) --- ft., C= 34-
HMAX + Top of Dan Elev. = 1566. __ - FAILEL

(Above is elevation at which failure would start)

Dam Breach Data:

BRWID = ft (width of bottom of breach)

Z = _ (side slopes of breach)

ELBM = /.____. (bottom of breach elevation,
minimum of zero storage elevation)

WSEL = - (normal pool elevation)

T FAIL = m mins
= O. I hrs (time for breach to develop)

4k.

I,
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DAM F

A. Top of Dam and Upstream Slope

B. Downstream Slope

D-1

KI



DAM F

lop

C. Sloughing at Top of Downstream Slope

D. Bulges on Downstream Slope

SD-2
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DAM F

7 V.

~ A -4,

* £7'

E Outlet Works and Downstream Toe

F, Outle Wok
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DAM F

G. Spillway Approach

H. Spillway Crest
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DAM F

j.Spillway Chute
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DAM F

APPENDIX E

GEOLOGY

1. General Geology. The damsite and reservoir
are located in Luzerne County. The rock formations
exposed in Luzerne County range from the Post-Pottsville
formations, of Pennsylvanian Age, down to the Onondaga
formation, of Middle Devonian Age. The Wisconsin
terminal moraine crosses the southern part of the
County, and the greater part of the County is covered
by glacial drift, Extensive deposits of glacial out-
wash occur along the Susquehanna River and less exten-
sive deposits along the smaller streams.

Nearly all of Luzerne County lies in the
Valley and Ridge Province in which nearly all the rocks
have been strongly folded. In going from north to
south across the County, five major folds are encountered,
all of which trend northeast. The first of these is a
shallow syncline on the crest of North Mountain, forming
the Mehoopnay coal basin. The second is the Milton
Anticline, which exposes the Portage group in the
northwestern part of the County and gradually flattens
out toward the northeast. The third and most pro-
nounced is the Lackawanna Syncline, which originates in
Lackawanna County to the north, and has preserved the
post-Pottsville formations throughout the Wyoming
Valley. The maximum depth of this syneline is reached
in the vicinity of Wilkes-Barre and Plymouth. The
double rim of this syncline is formed by the resistant
Pottsville formation and Pocono sandstone, separated by
the less resistant Mauch Chunk shale. The fourth fold
is the Berwick (Montour) Anticline, which exposes a few
feet of the Onondag formation in the vicinity of Beach
Haven. This fold reaches its maximum development
farther west and only the eastern portion reaches

E-1
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Luzerne County. The fifth major fold comprises a
series of anticlines and synclines forming the Eastern
Middle Anthracite Field in the vicinity of Hazleton.
The synclinal basins in this region are relatively
shallow and there are large areas from which all coal-
beds have been eroded.

The general dips of the region vary from 00

to 40° , and the maximum dips are found on the rims and
within the synclinal coal basins. The relatively soft
Post-Pottsville beds in their cores are severely folded
and contorted with numerous minor faults. The northern
and easternmost parts of the County border the
Appalachian Plateau Province and are characterized by
horizontal, or nearly horizontal strata. The Catskill
continental group of rocks underlies those parts of
Luzerne County that are outside of the five major fields.

2. Site Geology. Dam F is situated on the
Pottsville formation of Pennsylvanian Age. The southern
shoreline of the Reservoir delineates the contact between
the Pottsville and Llewellyn formations. The Llewellyn
formations contain the mineable anthracite coals. The
Pottsville formation is composed of sandstones, hard
coarse quartz conglomerate, and a few thin shale and
coal beds. This formation forms a ridge around the
Wyoming Valley coal basin and is folded into a series
of small anticlines and synclines striking east northeast
in the extreme southeastern portion of Luzerne County.
Bedding is generally well developed in the area with
crossbedding common in the sandstones and siltstones.

The available records did not have information
pertinent to the characteristics of the bedrock. The
records did indicate that most of the dam is founded on
overburden.
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